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(57) ABSTRACT 

A single-use system for separating blood and producing 
platelet concentrates includes an elongated container for 
receiving blood from a patient. The container has a movable 
plunger mounted Within the blood container for expressing 
blood fractions separated during centrifugation of the con 
tainer through a ?rst port mounted at one end of said con 
tainer, a second port mounted on the plunger, and a third port 
mounted on a plunger rod attached to the plunger. 
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PLATELET CONCENTRATION SYRINGE KIT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a division of application Ser. No. 
09/611,681, ?led Jul. 7, 2000, now US. Pat. No. 6,716,187 
issued on Apr. 6, 2004, Which claims priority of provisional 
application Ser. No. 60/142,886, ?led Jul. 8, 1999, the con 
tents of Which are both hereby incorporated by reference. 

FIELD OF THE INVENTION 

This invention relates to processing Whole blood into frac 
tions and, more particularly, to improvements in blood pro 
cessing systems for separating platelet-rich plasma from 
autologous blood. 

BACKGROUND OF THE INVENTION 

The science and effectiveness of using platelet-rich plasma 
derived from the patient’s oWn blood in surgery are docu 
mented in medical, trade, and science journals. A knoWn 
method for the preparation of platelets from Whole blood is 
described in theAmericanAssociation of Blood Bank’ s Tech 
nical Manual, 12th Edition, 1996, at pages 700-701, Method 
9.11. A system employing this method collects the patient’s 
Whole blood into a collection unit With tWo integrally attached 
transfer containers. The blood is collected into the collecting 
container, the other tWo transfer containers are collapsed, and 
the tWo transfer containers With the collecting container are 
subjected to a “soft spin” in a centrifuge, Which brings the 
plasma to the top of the collecting unit, leaving red cells at the 
bottom. In the next step, the collecting container containing 
the blood fractions are squeezed in a plasma extractor to force 
the platelet-rich plasma into one of the transfer containers 
through a connecting tube. A fraction comprising red cells 
remains behind in the collecting container, Which is then 
removed. Next, the tWo transfer containers, the ?rst being 
empty and the second containing the plasma, are subjected to 
a “heavy spin” in a centrifuge to concentrate platelets at the 
“bottom” of the second transfer container, leaving a platelet 
poor fraction of the plasma (PPP) above the platelet concen 
trate (PC) in the second transfer container. The folloWing step 
squeezes the second transfer container to express the PPP into 
the ?rst transfer container. The platelet concentrate (PC) is 
then resuspended and collected for use. This system uses a 
process requiring six separate steps, including tWo centrifugal 
steps and tWo separation steps. The terms “light spin” and 
“heavy spin” are de?ned in Table 105-1 at page 716 of the 
AABB Technical Manual. 

An alternative method of separating blood fractions is dis 
cussed in US. Pat. No. 5,102,407 and referred to as the 
“Amsterdam” method. Instead of tWo spins, soft then hard, as 
discussed above, a single hard spin is used in Which three 
fractions are separated, that is, a relatively platelet-free 
plasma, red blood cells, and an intermediate “buffy coat” 
layer Which contains platelets and leukocytes. 

The usual procedures often employ pliable plastic bags 
Which make it dif?cult to separate the blood fractions accu 
rately. Consequently, improvements have been needed. The 
present invention is embodied in a neW blood separation kit 
Which provides a more convenient and ef?cient means for 
separating a patient’s blood and in particular for recovering 
platelets. 
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2 
SUMMARY OF THE INVENTION 

The invention provides a single use system for separating 
blood and preferably for producing platelet concentrates 
(PC). In one embodiment, the system is in the form of a 
syringe kit including disposable components supplied in ster 
ile disposable packaging, and having all of the components 
required to draW blood from the patient, prevent blood coagu 
lation, separate the sample into fractions including platelet 
concentrate, and deliver the platelet concentrate to a surgical 
site. More precise separation of the separated blood fractions 
is possible, compared to the results achieved With pliable 
plastic bags. Such a system Will be useful to medical and 
dental practitioners. 
The invention may be generally described as including an 

elongated container, preferably cylindrical, Which is adapted 
to be placed in a centrifuge for separating the fractions of 
blood introduced into the container. The container is 
equipped With a ?rst port through Which the blood fractions 
can be expelled by a plunger movably ?tted Within the con 
tainer. The ?rst port is located at a ?rst end of the container 
and a second port is located on the movable plunger. Both 
ports are normally closed and they are opened from outside 
the container as required for removal of blood fractions. The 
plunger is equipped With a detachable holloW plunger rod 
adapted to open the second port When the plunger rod is 
attached to the plunger. A third port is mounted at the end of 
the plunger rod, the third port also is normally closed unless 
opened from outside the plunger rod. 

In one embodiment of the invention, the container is in the 
form of a syringe barrel ?tted With a moveable plunger. The 
syringe barrel is charged With a patient’s blood and all of the 
centrifugal and separation steps are performed While the 
blood is in that container. The syringe barrel is adapted foruse 
in a centrifuge, and has valves ?tted at one end and Within the 
plunger, making it possible to collect blood, centrifuge the 
blood in the syringe barrel, expel red blood cells after the ?rst 
or soft spin, centrifuge the remaining platelet-rich plasma and 
expel platelet-poor plasma after the second or hard spin. The 
platelet concentrate remains in the syringe barrel, Where it can 
be resuspended in a medium or media that can be introduced 
into the container through one of the valves. 

In another embodiment, the container of the invention is 
given a “hard” spin, omitting the “soft” spin. Three fractions 
are formed, the ?rst fraction, the red blood cells, is expelled 
through the ?rst port, then the second fraction, platelet-poor 
plasma, is expelled through the second and third ports, leav 
ing the third layer, consisting of platelets and plasma, for 
further processing. 
The separation of blood fractions may be carried out manu 

ally after centrifuging the Whole blood in the container. Alter 
natively, the separation of blood fractions could be carried out 
automatically in centrifuge equipment having facilities for 
opening the ports after it has been determined that the desired 
separation has been made. 

Associated With the container preferably Will be a needle 
assembly for draWing a patient’s blood and Which is adapted 
to transfer the blood into the syringe container directly or into 
a separate container for subsequent transfer into the syringe 
container. One or more Waste bags adapted to receive platelet 
poor plasma and red blood cells from the syringe cylinder 
after the soft and hard spins may be part of the syringe kit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an isometric vieW of a elongated syringe container 
and associated components. 
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FIG. 2 is a longitudinal section through FIG. 1. 
FIG. 3 shows a blood-collector needle. 
FIG. 4 shoWs a Waste bag. 
FIGS. 5a through 5e shoW use of the syringe embodiment 

to prepare platelet concentrate. 

DESCRIPTION OF THE ILLUSTRATIVE 
EMBODIMENTS 

The ?gures illustrate a syringe embodiment of the inven 
tion adapted for manual handling in separation of blood frac 
tions. Blood draWn from a patient is introduced into a syringe, 
the syringe is placed in a centrifuge and spun at the appropri 
ate speed for a suitable period of time to cause the blood to be 
separated into at least tWo fractions. Alternatively, the sepa 
ration may be automated and the blood fractions separated 
Without manual handling of the syringe container. 

FIG. 1 shoWs an elongated container 10, bearing graduated 
marks 12 to indicate the volume of its contents (not shoWn). 
The container has a ?rst port, shoWn in the draWing as includ 
ing a spring-loaded ball seat valve 14, at a ?rst end 16 and a 
radially-extending ?ange 18 at its other end. A plunger 20 ?ts 
slidably Within the container and prevents blood from passing 
betWeen the Wall of the container and the plunger. The 
plunger has a through passage 22 ?tted as a second port, also 
shoWn as a spring-loaded ball seat valve 24 (FIG. 2). The 
valve 24 could be omitted if desired, in Which case, it Would 
be necessary to temporarily seal the opening While the con 
tainer is being centrifuged to separate the blood fractions. A 
tubular plunger rod 26 is adapted at one end 28 to engage the 
spring-loaded ball seat valve 24. The plunger rod has another 
spring-loaded ball seat valve 30 at its other end remote from 
the plunger. The valves 14, 24 and 30 may have a “Luer” 
?tting, Which has a coupling 15, 25 and 31, respectively, for 
removably connecting to another article (for example, a 
hose). This type of valve is normally closed When nothing is 
connected to its coupling, and the valve can be opened When 
the protruding feature of a mating connector forces the ball 
aWay from the valve seat. It should be understood that the 
valves need not be the spring-loaded ball seat valves shoWn in 
the draWings, but may be other types capable of preventing 
the escape of the blood components and of being opened 
When needed, for example a valve in Which a silicone plunger 
seals against a conical valve seat, the compression of Which 
closes the valve until activated. More broadly, the ports may 
include other means for blocking How of the blood compo 
nents rather than the valves in the ?gures. 

The container 10 and associated parts of the kit, particu 
larly the plunger 20 and plunger rod 26, differ from conven 
tional pliable plastic bags in being made of relatively stiff 
materials, for example polycarbonate, polypropylene, ABS 
or equivalents. It is an advantage of the present invention that, 
since the container Walls are relatively rigid, the problems 
associated With separating blood fractions in a pliable bag are 
avoided. Moving the plunger Within the container creates 
minimal disturbance of the separated blood layers, thereby 
enabling a more precise separation to be made. 

FIG. 3 shoWs a needle 32 for taking blood from a patient 
connected to one end of a tube 34 Which has at its other end a 
?tting 36 that is adapted to connect to any of the couplings 15, 
25 or 31. Thus, blood may be introduced directly into con 
tainer 10 through valve 14 or alternatively, blood may be 
directed to a separate bag for subsequent transfer into the 
container for separation. 

FIG. 4 shoWs a Waste bag 40, typically but not necessarily 
a pliable plastic bag, connected to one end of a tube 42 Which 
has at its other end a ?tting 44 that is adapted to connect to any 
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4 
of the couplings 15, 25 or 31, thereby opening the associated 
valve. The tube 42 is ?tted With a tubing clamp 46. The 
container 10 and associated parts shoWn in FIGS. 1-4, inclu 
sive, comprise the syringe kit of this embodiment of the 
invention. The container 10, shorn of associated parts 
(plunger rod 26, needle 32 and tube 34, and Waste bag 40 and 
tube 42) may be adapted for ?tting in a centrifuge bucket (not 
shoWn) and used to separate blood into its fractions and to 
prepare platelet concentrate, as is described With reference to 
FIGS. Sa-Se, inclusive. 

In FIG. 5a, the plunger 20 is at the top of the container 10, 
near the ?ange 18, the needle 32 is connected to check valve 
14, Which is held open, the Waste bag 40 is connected to the 
plunger check valve 24 holding that valve open, and the clamp 
46 is open. The container may be empty or it may contain a 
small amount of a blood anti-coagulant. When the needle 32 
draWs blood from a patient, the blood ?oWs into the container 
under pressure from the patient, displacing air from the con 
tainer 10, Which air is received in the Waste bag 40. When the 
container 10 is charged With blood, the Waste bag 40 and 
needle 32 are decoupled from the valves 14 and 24, Which are 
closed by the associated springs. Alternatively, the Waste bag 
40 is not used and instead, the plunger 20 may be used to 
extract blood directly from the patient in a manner similar to 
a conventional syringe. The container is subjected to a light 
spin in a centrifuge (not shoWn). As is shoWn in FIG. 5b, this 
step separates red blood cells (pRBC) from platelet-rich 
plasma (PRP). In the next step, shoWn in FIG. 50, the Waste 
bag is connected to valve 14, and the plunger rod 26 is con 
nected to the plunger via the valve 24. The valves 14 and 24 
and the Waste bag clamp 46 are all open, but the valve 30 at the 
free end of the plunger rod is closed. The plunger rod 26 is 
used to push the plunger into the container, expelling the red 
blood cells into the Waste bag 40. The container noW contains 
primarily platelet-rich plasma. The clamp 46 is closed, and 
the plunger rod and the Waste bag 40 are decoupled from the 
container, thus closing valves 14 and 24. 
The container 10, shom of the bag and plunger rod, as 

shoWn in FIG. 5d, is next subjected to a hard spin, Which 
concentrates platelets at the bottom end 16 of the container 
10, leaving platelet-poor plasma (PPP) above the platelet 
concentrate. The ?nal step in the process, that of removing the 
platelet-poor plasma from the container, is illustrated in FIG. 
5e. The plunger rod 26 is again attached to the plunger 20, and 
the Waste bag 40 is coupled to the free end of the plunger rod 
through the valve 30. The valves 24 and 30 and the clamp 46 
are all open, and the valve 14 is closed. The plunger is driven 
toWard the loWer end 1 6 of the container, and the platelet-poor 
plasma is forced through the passageWay in plunger rod 26 
and the tube 44 into the Waste bag. The clamp 46 is then 
closed, and the Waste bag 40 and, if desired, the plunger rod 
26 may be removed from the container. With the Waste bag 
removed, the plunger rod valve 30 Will close, so failure to 
remove the plunger rod Will not affect the contents of the 
container. The container 10 is noW left With the platelet con 
centrate in it. 

The above description covers a simple manual operation in 
Which the syringe kit is used in a particular manner to separate 
blood into three fractions by successive soft and hard spins. It 
is also feasible to use only one “har ” spin to separate the 
blood in a single step into three fractions (i.e., red blood cells, 
plasma and an intermediate layer containing platelets). The 
three fractions can be separated by expelling both the plasma 
and red blood cells separately or simultaneously, leaving the 
intermediate layer for further processing. Alternatively, such 
manual operations can be automated. 
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It should be understood that the syringe kit described above 
is a preferred embodiment, but that modi?cations may be 
made Without departing from the scope of the invention as 
de?ned by the following claims. 

The invention claimed is: 
1. A method of collecting and separating a patient’s blood 

and recovering a platelet-rich concentrate comprising: 
(a) collecting the patient’s blood using a needle set com 

prising a holloW needle having attached tubing and a 
?tting adapted to engage a ?rst port in an elongated 
container ?tted With a movable plunger having a second 
port therein; 

(b) transferring said blood through said ?rst port into said 
elongated container; 

(c) centrifuging said blood in said container and separating 
said blood into platelet-rich plasma and red blood cells; 

(d) displacing the red blood cells separated in (c) from said 
container by moving said plunger toWards said ?rst port 
and expelling said red blood cells into a Waste bag 
through tubing attached to said ?rst port; 

(e) removing said Waste bag of (d) and centrifuging said 
platelet-rich plasma remaining in said container and 
separating a platelet-rich concentrate from a platelet 
poor plasma; 

(f) attaching a holloW plunger rod having a third port 
therein to said plunger and displacing the platelet-poor 
plasma separated in (e) from said container by moving 
said plunger toWards said ?rst port and expelling said 
platelet-poor plasma through said second port of said 
plunger and said third port of said plunger rod into a 
Waste bag attached to the plunger rod; 

(g) recovering the platelet-rich concentrate separated in (e) 
and remaining in said container; and 

Wherein displacing said red blood cells, platelet-rich 
plasma, and platelet-poor plasma is carried out auto 
matically in centrifuge equipment having facilities for 
opening said ports. 

2. The method of claim 1 Wherein said elongated container 
contains a small amount of a blood anti-coagulant. 

3. The method of claim 1, Wherein the ?rst port includes a 
valve, the method further comprising opening the valve prior 
to the act of transferring said blood. 
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4. The method of claim 1, Wherein said centrifuging of step 

(c) is a soft spin. 
5. A method of collecting and separating a patient’s blood 

and recovering a platelet-rich concentrate comprising: 
(a) collecting the patient’s blood using a needle set com 

prising a holloW needle having attached tubing and a 
?tting adapted to engage a ?rst port in an elongated 
container ?tted With a movable plunger having a second 
port therein; 

(b) opening a valve positioned Within the ?rst port; 
(c) transferring said blood through said ?rst port into said 

elongated container by moving the plunger aWay from 
the ?rst port; 

(d) closing the valve; 
(e) centrifuging said blood in said container and separating 

said blood into platelet-poor plasma, red blood cells, and 
platelet-rich concentrate; 

(f) displacing the red blood cells separated in (e) from said 
container by moving said plunger toWards said ?rst port 
and expelling said red blood cells into a Waste bag 
through tubing attached to said ?rst port; 

(g) removing said Waste bag of (f) and attaching a holloW 
plunger rod having a third port therein to said plunger 
and displacing the platelet-poor plasma separated in (c) 
from said container by moving said plunger toWard said 
?rst port and expelling said platelet-poor plasma 
through said second port of said plunger and said third 
port of said plunger rod into a Waste bag attached to the 
plunger rod; and 

(h) recovering the platelet-rich concentrate separated in (e) 
and remaining in said container, 

Wherein displacing said red blood cells, platelet-rich 
plasma, and platelet-poor plasma is carried out auto 
matically in centrifuge equipment having facilities for 
opening said ports. 

6. The method of claim 5 Wherein said elongated container 
contains a small amount of a blood anti-coagulant. 

7. The method of claim 5, Wherein said centrifuging of step 
(e) is a heavy spin. 


